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(57) ABSTRACT 

Offset Voltages developed on floating nodes on inputs to 
high-performance amplifiers that are DC isolated from the 
data signals input to amplifiers are cancelled by connecting a 
highly resistive element between the input node and a prede 
termined potential, particularly useful in proximity commu 
nication systems in which two chips are connected through 
capacitive or inductive coupling circuits formed jointly in the 
two chips. The resistive element may be an offMOS transistor 
connected between the node and a desired bias Voltage or a 
MOS transistor with its gate and drain connected to the poten 
tial. Multiple bias voltages may be distributed to all receivers 
and locally selected by a multiplexer for application to one or 
two input nodes of the receiver. The receiver output can also 
serve as a predetermined potential when the resistive element 
has a long time constant compared to the data rate or the 
resistive element is non-linear. 

19 Claims, 5 Drawing Sheets 
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OFFSET CANCELLATION FOR DC 
SOLATED NODES 

GOVERNMENT LICENSE RIGHTS 

This invention was made with United States government 
Support under Defense Advanced Research Projects Agency 
(DARPA) Contract No. NBCH3039002. The United States 
Government has certain rights in the invention. 

BACKGROUND 

1. Field of the Invention 
The present invention relates to biasing techniques in inte 

grated circuit (IC) chips. In particular, the invention relates to 
biasing a floating node in a system that Supports proximity 
communication. 

2. Related Art 
Advances in semiconductor technology presently make it 

possible to integrate large-scale systems, including hundreds 
of millions of transistors, into a single semiconductor chip. 
Integrating Such large-scale systems onto a single semicon 
ductor chip increases the speed at which Such systems can 
operate, because signals between system components do not 
have to cross chip boundaries, and are not subject to lengthy 
chip-to-chip propagation delays. Moreover, integrating large 
scale systems onto a single semiconductor chip significantly 
reduces production costs, because fewer semiconductor chips 
are required to perform a given computational task. 

However, these semiconductor chips still need to commu 
nicate with each other, and unfortunately these advances in 
semiconductor technology have not been matched by corre 
sponding advances in inter-chip communication technology. 
Semiconductor chips are typically integrated onto a printed 
circuit board that contains multiple layers of signal lines for 
inter-chip communication. However, signal lines are typi 
cally 100 to 1000 times denser on a semiconductor chip than 
on a printed circuit board. Consequently, only a tiny fraction 
of the signal lines on a semiconductor chip can be routed 
across the printed circuit board to other chips. This problem is 
creating a bottleneck that is expected to worsen as semicon 
ductor integration densities continue to increase. 
One solution to the above problem is to replace the direct 

conductive coupling with direct chip-to-chip capacitive cou 
pling, referred to as “proximity communication.” ProXimity 
communication is an I/O technology that allows two chips in 
face-to-face alignment to communicate without wires as has 
been explained by Drost et al. in “Proximity Communica 
tion.” IEEE Journal of Solid-State Circuits, vol. 39, no. 9, 
September 2004, pp. 1529-1535. In the most widely used 
implementation, corresponding arrays of electrode plates or 
pads are formed in the opposing Surfaces of the two chips, 
which are then fixed together with a dielectric layer in 
between to form a large number of capacitively coupled com 
munication links between the chips. One embodiment of a 
capacitively coupled communication system is illustrated in 
the circuit diagram of FIG. 1. A first integrated circuit chip, 
here called a transmit chip 10, includes a transmitter 12 as 
well as other integrated circuitry typical of a modern IC. A 
second integrated circuit chip, here called a receive chip 14. 
includes a receiver 16 as well as other integrated circuitry 
which needs to be coupled to the circuitry of the transmit chip 
10. In this embodiment, the transmitter 12 and receivers 16 
are differential, each having two inputs and two outputs for 
usually complementary versions of the same signal. Conduc 
tive transmit pads 18A, 18B are formed in the surface of the 
transmit chip 10 and are connected to the differential outputs 
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2 
of the transmitter 12 receiving an input signal Vy across its 
differential inputs. Similarly, conductive receive pads 20A, 
20B are formed in the surface of the receive chip 14 in posi 
tions to be aligned with the transmit pads 18A, 18B of the 
transmit chip 10. The receive pads 20A, 20B are connected to 
the differential inputs of the receiver 16 outputting on its 
differential outputs an output signal V, which should cor 
respond to Vy. 

Typically the pads 18A, 18B, 20A, 20B are covered with 
thin dielectric layers as part of their formation process. To 
achieve a proximity communication system, the transmit and 
receive chips 10, 14 are permanently or semi-permanently 
juxtaposed with the transmit pads 18A, 18B aligned with 
respective ones of the receive pads, 20B with a dielectric layer 
between them, thereby forming two capacitive coupling cir 
cuits 22, 24 between the two chips 10, 14 for the differential 
signal to be coupled between them. 

However, the capacitive coupling circuits 22, 24 provide 
DC isolation between the two chips 10, 14 and the high input 
impedance of the differential amplifier of the receiver 16 
provides very little conductive discharge to ground or other 
predetermined voltage. As a result, receiver nodes 26, 28 
receiving the capacitively coupled signals are floating relative 
to the transmit chip 10 and not DC tied to the outputs of the 
transmitter 10. As a result, the receiver nodes 26, 28 may 
suffer DC wander due to leakage, and the input offset voltage 
of the receiver 16 Subtracts from any signal coupled across the 
capacitors 22, 24. 

In an alternative inductively coupled proximity communi 
cation system illustrated in the circuit diagram of FIG. 2, 
inductors 30,34 are formed at the surfaces of the two chips 10, 
14 and are covered with a thin dielectric layer. The transmit 
inductor 30 is connected across the differential outputs of the 
transmitter 12 and the receive inductor 32 is connected across 
the differential inputs of the receiver 16. When the two chips 
10, 14 are juxtaposed with the two inductors 30, 32 in align 
ment, an inductive coupling circuit is formed between the two 
chips 10, 14. In the inductively coupled system, the receive 
nodes 26, 28 are also floating. 

In either the capacitive or inductive proximity system, dif 
ferential transmitters and receivers may be replaced by non 
differential active elements having only a single input and 
single output. Thereby, one of the capacitive coupling circuits 
may be eliminated or the inductors have grounded ends. How 
ever, the differential implementations are preferred for the 
low signal levels inherent in proximity communication. 
Nonetheless, the single receive node remains floating unless 
counteracting measures are adopted. 

ProXimity communication involves integrating arrays of 
capacitive (or inductive) coupling circuits and associated 
transmitters and receivers onto semiconductor chips to facili 
tate inter-chip communication. The signal flow may be bi 
directional so that transmitters and receivers formed in each 
chip and associated transmit and receive pads are formed in 
different surface areas of the chip. If a first chip is situated 
face-to-face with a second chip so that transmitter pads on the 
first chip are capacitively coupled via a coupling capacitor 
with receiver pads on the second chip, it becomes possible to 
transmit electrical signals directly from the first chip to the 
second chip without having to route the electrical signal 
through intervening signal lines within a printed circuit 
board. 
A transmitter on one chip impresses an electrical signal on 

one of its pads, and a receiver on the other chip detects the 
signal coupled to the corresponding one of its pads. Although 
proximity communication promises much higher input/out 
put (I/O) density and lower power, detecting signals over 
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proximity communication is a challenge. Signals coupled 
onto the plates of the receiving chip can be very Small, on the 
order of tens of millivolts, for example 50 mV. A typical 1 O 
deviation for the offset in the receivers is typically about 5 
mV. In a system with one hundred such receivers, to achieve 
99% reliability requires a 4-O range, which is 20 mV, so 40% 
of the signal is lost to offset. To achieve even these offsets, the 
input transistors of the receivers need to be very large because 
offset scales as 

1 

Wlengthx width 

of the channel of the input transistor. The large input transis 
tors require a large tail current in the amplifier to achieve 
Sufficient amplifier gain and also reduce amount of signal V 
seen at the receiver input because the gate capacitance Cacts 
as a capacitive Voltage divider with the coupling capacitance 
C and the Stray capacitance C according to Stray 

C AVR v = AVry - H-. RX TX C. C., C. 

With capacitively or inductively coupled proximity com 
munication systems, the receive nodes 26, 28 should be 
actively biased at appropriate DC levels. However, prior off 
set cancellation schemes have added capacitance to the sen 
sitive nodes in the proximity channel, thereby loading the 
sensitive receive amplifiers. They have also required dynami 
cally refreshed nodes, thereby introducing pulsed operation 
and complex timing problems. 

Previous schemes of offset biasing using additional capaci 
tance have excessively loaded critical receiver nodes such as 
the internal or input nodes of the amplifier. The added load on 
the internal nodes reduces the performance of the amplifier 
and the added load on the input node increases the stray 
capacitance C and thus reduces the amount of signal 
receive through the voltage division above. 

Better schemes for mitigating the effect of the receiver 
offset should increase the sensitivity of the receivers and the 
performance of the proximity communication system over 
the conventional offset biasing techniques. 

SUMMARY 

Embodiments of the present invention provide a system 
that cancels Voltage offset on the floating input to an amplifier. 
The apparatus and method of the invention are particularly 
useful for receiver inputs on a proximity communication 
(PxC) system in which data signals are coupled between 
chips by capacitive or inductive coupling circuits formed 
jointly in Surfaces of the two chips. 

In some embodiments, the floating node is connected to a 
predetermined potential through a large resistive element. For 
example, the resistance is large enough that the product of the 
resistance and a parasitic or other capacitance associated with 
the floating node is greater than the run length for balanced 
DC coding but less than an effective open connection. Exem 
plary values of the resistance are greater than 1 gigaohm and 
less than 1000 gigaohm. 

In some embodiments, the resistive element may be a 
metal-oxide-semiconductor (MOS) transistor having one 
electrode connected to the floating node and the remaining 
electrodes connected to one or more predetermined Voltages. 
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4 
In particular embodiments, the Source or drain is connected to 
the floating node and the remaining electrodes including the 
other of the source and drain and the gate and possibly the 
body are tied together and connected to the predetermined 
potential. 

In some embodiments, a non-linear resistance is connected 
between the input and output of the receiver in a negative 
feedback arrangement with a negative output fed back to a 
positive input and vice versa Such that the output provides a 
reference potential for the input. The non-linear resistance 
may be a MOS transistor with its source connected to the 
input and the remaining electrodes connected to the inverted 
output. 

In some embodiments including a plurality of PXC com 
munication channels and associated receivers, a plurality of 
bias voltages are distributed to all the receivers and one or 
more multiplexers select one or a pair of the Voltages for 
application to one or two inputs to the receiver. 

In some embodiments, an output Voltage of the receiver 
with a floating input node is fed back to the input through 
feedback circuitry and a large resistive element. The feedback 
circuitry may directly connect the large resistive element 
between the output and input. An embodiment of the feed 
back resistive element is MOS transistor having one principal 
current electrode connected to the input and its remaining 
electrodes connected to the output. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is an electrical schematic diagram of a capacitively 
coupled differential proximity communication channel. 

FIG. 2 is an electrical schematic diagram of an inductively 
coupled differential proximity communication channel. 

FIG. 3 is an electrical schematic diagram of an offset can 
cellation circuit including large biasing resistance in accor 
dance with a first general embodiment of the present inven 
tion. 

FIG. 4 is an electrical schematic diagram of an offset can 
cellation circuit including an NMOS transistor as a biasing 
resistance in accordance with an embodiment of the present 
invention. 

FIG. 5 is an electrical schematic diagram of an offset can 
cellation circuit including a PMOS transistor as a biasing 
resistance in accordance with an embodiment of the present 
invention. 

FIG. 6 is an electrical schematic diagram of an offset can 
cellation circuit including selection of distributed biasing 
Voltages in accordance with an embodiment of the present 
invention. 

FIG. 7 is an electrical schematic diagram of an offset can 
cellation circuit including feedback circuitry around the 
receiver in accordance with an embodiment of the present 
invention. 

FIG. 8 is an electrical schematic diagram of an implemen 
tation of the offset cancellation circuit of FIG. 7 utilizing 
MOS transistors as non-linear feedback resistors in accor 
dance with an embodiment of the present invention. 

FIG. 9 is graph illustrating the dependence of the differen 
tial input Voltage on the duty cycle of a signal in the circuit of 
FIG 8. 

DETAILED DESCRIPTION 

The following description is presented to enable any per 
son skilled in the art to make and use the invention, and is 
provided in the context of a particular application and its 
requirements. Various modifications to the disclosed embodi 



US 8,644,759 B2 
5 

ments will be readily apparent to those skilled in the art, and 
the general principles defined herein may be applied to other 
embodiments and applications without departing from the 
spirit and scope of the present invention. Thus, the present 
invention is not limited to the embodiments shown, but is to 5 
be accorded the widest scope consistent with the principles 
and features disclosed herein. 
DC biasing of DC-isolated amplifier inputs to compensate 

for offset can be advantageously achieved by through a large 
resistance. As illustrated in the electrical schematic of FIG. 3, 10 
the floating input nodes 26, 28 of the differential inputs of the 
differential amplifier 16 are connected through respective 
resistive elements 40, 42 to respective bias voltages in-bias 
and in-bias. The resistive elements 40, 42 have high resis 
tance, for example, at least one gigaohm (10 ohms). The 15 
value of the resistance should be limited to a reasonable 
effective resistance, for example, no more than 1000 
gigaohm. A more general minimum value of the resistance is 
described below by relating a product of the resistance and a 
parasitic capacitance on the input node to a maximum time 20 
period over which the data signal must be DC balanced. 
The large resistance shields the capacitive load of the offset 

cancellation circuitry from the sensitive receiver input nodes 
26, 28. The large value of resistance causes the offset cancel 
lation path to have a large time constant. However, because 25 
the offset voltage for a given receiver is fixed, the offset 
cancellation Voltage does not need to change rapidly and the 
long time constant does not severely impact performance. 
The value of the bias voltages should be chosen based on 

the high gain region and compliance range of the amplifier. 30 
The differential receiver 16 of FIG.3 may have its inputs 

connected to the two coupling capacitors 22, 24 of the capaci 
tively coupled PXC system of FIG. 1 or to the one receiving 
inductor 32 of the inductively coupled PXC system of FIG. 2. 
The invention can be extended to unipolar PXC communica- 35 
tion systems in which a single capacitor Supports the PXC 
channel or a receiving inductor grounded on one end is con 
nected on its other end to the input of a unipolar amplifier. 
However, the invention may be more broadly applied to other 
amplifiers having floating input nodes. 40 
The resistive elements may be implemented in a number of 

conventional ways. Load resistors are conventionally imple 
mented in integrated circuits by a long and narrow channel 
formed in a polysilicon layer. However, for the large bias 
resistances required for high-impedance inputs of communi- 45 
cation receivers, polysilicon resistors occupy an excessively 
large area of the chip. In MOS integrated circuits, the large 
resistances can be effectively achieved by a mostly off MOS 
transistor, as described by Schauer and Hopkins, two of the 
present inventors, in U.S. patent application Ser. No. 1 1/651, 50 
221, filed Jan. 5, 2007 and incorporated herein by reference. 
For example, as illustrated in the electrical schematic diagram 
of FIG. 4, an NMOS transistor 50 is connected between a 
biasing voltage Vs and a floating node 52 positioned 
between a PXC coupling capacitor 54 driven by a transmitting 55 
inventor 56 on one chip and a receiving inverter 58 on the 
other chip. The inverters 56,58are formed by a pair of PMOS 
and NMOS transistors and may be the transmitter and 
receiver of a single-sided PXC communication link or form 
respective output and input of differential transmitter and 60 
receiver. In a differential link, the receiver typically com 
prises a MOS differential pair with current tail and load 
resistance as the input stage. 
The NMOS transistor 50 should be considered as a four 

terminal device, having a source S1, a drain D1, a gate G1, 65 
and a body B1, which may be the silicon well in which the 
NMOS transistor 50 is formed. In one embodiment, the drain 

6 
D1 is connected to the floating node 52 at the input to the 
receiving inverter 58. In this embodiment, the source S1, gate 
G1, and body B1 are tied together and connected to the bias 
Voltage V's chosen to compensate for the offset Voltage of 
the inverter 58. The so configured NMOS transistor 50 is 
turned off and presents a large resistance between the bias 
Voltage Vs and the floating node 52. In another example, 
illustrated in the electrical schematic diagram of FIG. 5, a 
PMOS transistor 60 has its drain D2 connected to the floating 
node 52 and its source S2, its gate G2, and its body B2 tied 
together and connected to the bias Voltage Vs, thereby 
forming an highly resistive off transistor between the bias 
Voltage Vs and the floating node 52. Alternative configu 
rations include connecting any one of the fourterminals of the 
NMOS or PMOS transistor 50, 60 to the floating node 52 and 
the connecting the remaining three terminals to the bias Volt 
age Vs. Yet further alternatives include separate bias Volt 
ages for the three terminals away from the floating node 52 
which are nonetheless chosen to leave the transistor nearly off 
and providing high resistance paths to the different bias Volt 
ageS. 

In operation, as explained for the embodiment of FIG. 4, 
the small leakage current through the off transistor 50 will 
gradually charge the floating node 52 towards the bias Voltage 
Vs. The time constant for the charging can be controlled 
according the width and length of the transistor 50 but should 
be much longer than data rate through the proximity commu 
nication channel. The leakage current is typically much 
Smaller than a typically conducting current when the transis 
tor 50 is on, which ensures that the biasing is performed with 
low power. 
An NMOS biasing transistor is preferably used when the 

biasing voltage Vs is near ground and a PMOS biasing 
transistoris preferably used when the biasing Voltage Vs is 
near a power supply Voltage, such as V. However, with 
proper design either an NMOS or a PMOS transistor can be 
used for any biasing Voltage between ground and V. 

In one design embodiment, the bias Voltage Vs is chosen 
to be approximately the average of the high and low Voltages 
of the data signal being coupled across the PXC capacitor to 
the floating node 52. 
The configuration of FIG. 3 allows each floating node of 

each receiver 16 to be separately biased to the appropriate 
value for that receiver input. However, this design does not 
take advantage of the capacitance-shielding properties of the 
large resistances. Also, if there are a large number of receivers 
on a chip to allow high-bandwidth proximity communication, 
it would be difficult to route the individual bias signals to the 
many receivers. 

In another design, the same set of bias Voltage are distrib 
uted via bias buses to all receivers and one or a pair of these 
voltages are selected locally for the receiver inputs. As illus 
trated in the electrical schematic diagram of FIG. 6 for 
another embodiment of the invention, N positive bias voltages 
biasPos1, biasPos2, . . . biasPosN are routed to a positive 
multiplexer 70 and a positive select signal sel+ selects of them 
to be output as a positive biasing signal biasPos to the first 
floating node 26 through the first resistive element 40. Simi 
larly, M negative bias Voltages biasNeg1, biasNeg2, ... bias 
NegM are routed to a negative multiplexer 72 and a negative 
select signal sel-selects one of them to be output as a negative 
biasing signal biasNeg to the second floating node 28 through 
the second resistive element 42. 
The selection of the two sets of bias voltages may take into 

account that the value of the difference between the two 
differential inputs is more important than the values of each of 
them. By careful selection of both sets, a small range of 
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potential offsets can be covered with fine resolution. For 
example, as summarized in TABLE 1, if the nominal desired 
bias voltage is 1.80V, the listed bias voltages provide up to 24 
mV of offset in 1 mV steps with only nine different voltages 
needing to be distributed to the many receivers across the 
chip. 

TABLE 1. 

biasPos i biasNeg i 
i (V) (V) 

1 1.72 18O 
2 1.77 1.81 
3 1.82 1.82 
4 1.87 1.83 
5 1.92 1.84 

Also, because the bias lines draw minute amounts of cur 
rent due to the large biasing resistances, the assorted biases 
Voltages can be simply and economically generated and dis 
tributed. The multiplexed design has the advantage that the 
load from the multiplexers 70, 72 is masked by the large 
resistances 40, 42. Furthermore, the receiver design for a 
large PXC array is regular since the same set of bias Voltages 
are distributed to all receivers in the array. However, a disad 
vantage is that the limited number of selectable biasing volt 
ages may not be able to completely negate the offset of a 
particular receiver. 

Another embodiment of correcting the offset Voltage, as 
illustrated in the schematic circuit diagram of FIG.7, includes 
feedback circuitry 80 connected between the outputs out--, 
out- of the receiver amplifier 16 and its inputs in-, in 
through the large resistances 40, 42 in a negative feedback 
configuration. That is, the inverted output is fed back to the 
input. The bias voltages could be determined, for example, by 
averaging the out-- and out-signals over a long time as long 
the amplifier is linear, that is, the output signals out+ and out 
have not saturated. The feedback embodiment reduces the 
offset by the gain of the receiver amplifier 16. It has the 
advantage that the load of the bias-setting and feedback 
devices in the feedback circuitry 80 is masked by the large 
resistances 40, 42. 
The resistive elements 40, 42 need to have very high resis 

tance over the full range of output Voltages. 
In a simple implementation, the feedback circuitry 80 is a 

direct connection, for example, resistive element 40 is 
directly connected between input in-- and output out-. 
The active pass gate resistor can be used as well for the 

resistive elements 40, 42 of the FIGS. 3 and 7. Alternatively, 
the resistive elements may be implemented as reverse-biased 
diodes. For instance, a diode can be used having an n-well to 
p" diffusion or a p-well to n+ diffusion in which the diffusion 
connects to the input side the well connects to the output of 
the receiver amplifier 16. 

Both types of embodiments entail setting an average DC 
Voltage of the inputs to a receiver on an input node that is 
otherwise DC isolated. As a result, the transmitted signal 
needs to have a constant average value over the time constant 
of the biasing circuitry. The simplest way to achieve a con 
stant average value of the input signal is to ensure that the 
transmitted signal is DC balanced, that is, over a period less 
than the time constant, the data signal has as many positive 
portions as negative portions or at least as many 0 data signals 
as 1 data signals. The time constant in this case is referred to 
as the DC-imbalanced time of the data signal over which time 
period the data signal is DC balanced. Many commonly used 
data encoding schemes such as 8b 10b or Manchester encod 
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8 
ing address this limitation. Although DC balancing is not 
required for all embodiments of the invention, for some sim 
plerbiasing arrangements it provides advantages and a degree 
of maximum unbalance may be needed. Typically a parasitic 
capacitance exists between the floating input nodes 26, 28 and 
ground or the power Supply lines on the receive integrated 
circuit chip 14 and the total parasitic capacitance can be 
assigned a value of C. The product of the parasitic capaci 
tance C and the resistance R of the associated biasing resis 
tive element 40, 42 of the invention determines a time con 
stant of the input node 26, 28. The previously described 
minimum resistance of 1 gigaohm for the resistive elements 
40, 42 can be generalized to the minimum resistance for 
which the product of the resistance and the parasitic capaci 
tance of that node 26, 28 is greater than the DC-imbalanced 
time. As a result, the input bias Voltages do not affect the 
Voltage fluctuations associated with the data signal but do 
affect offset drifts on the floating nodes 26, 28 occurring over 
time periods much longer than the DC-imbalanced time. 

Although the embodiments of FIGS. 3 and 7 seem dis 
tinctly different, they share a common feature of connecting 
the floating input node through a large resistance to a prede 
termined and constant voltage. In the case of FIG. 3, the 
constant Voltage is the in-bias or in-bias Voltage of the power 
supply. In the case of FIG. 7, the predetermined and substan 
tially constant Voltage is the output Voltage out+ or out-time 
averaged over the time constant of the feedback resistance 
and the biasing circuitry and which output Voltage averages to 
the high and low values of the data signal over the DC 
imbalanced time. Because of DC balance over the same time 
constant, the feedback Voltage is Substantially constant. 
An alternative implementation of the feedback embodi 

ment is illustrated in the schematic circuit diagram of FIG.8. 
Large non-linear resistive elements are implemented as 
PMOS transistors 82, 84, which are directly connected in a 
negative feedback configuration between the respective 
inputs in-, in- and outputs out-, out+ of the differential 
amplifier 16 and which act as leaking transistors. The feed 
back is negative feedback with the negative output being feed 
back to the positive input and vice versa. The sources of the 
transistors 82, 84 are connected to the floating inputs while 
their drains sources, gates, and wells or other electrodes are 
connected to the output nodes. The resistance of a transistor 
operating the Sub-threshold region is highly non-linear due to 
the exponential relationship of sub-threshold current to gate 
Source Voltage. The non-linearity of the resistance is benefi 
cial because it relaxes the need to have a perfectly DC-bal 
anced input signal by providing a much lower resistance for 
one of the digital input signal levels. The much lower resis 
tance causes the corresponding digital level to dominantly set 
the steady-state differential voltage regardless of the duty 
cycle of the input signal. Therefore, the input requirement for 
a non-linear biasing resistor is that the input must have a 
certain duty cycle. Alternatively stated, there must be a tran 
sition on the input only every so often. This non-linear benefit 
is enhanced by placing the leaking device in the feedback 
loop because the gate source Voltage of the feedback device is 
increased by the gain of the amplifier. The linear increased in 
the gate source Voltage with amplifier gain results in an expo 
nential increase in the feedback current non-linearity and a 
relaxing of the duty-cycle constraint by increasing the ratio of 
the high to low resistances. That is, the data signal in this 
embodiment does not need to be DC balanced. 
The graph of FIG.9 plots the result of a simulation of the 

steady-state different input Voltage of the receiver as a func 
tion of the duty cycle. Plot 86 shows the results for a receiver 
having its inputs connected through leaky transistors to pre 
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determined voltages. Plot 88 shows the results with the nega 
tive feedback of FIG. 8 from the outputs to the inputs. The 
differential input voltage with feedback remains more linear 
and larger over a wider range of duty cycle than without 
feedback. Under ideal conditions of the duty cycle being 0.50, 
the negative feedback reduces the input signal slightly. 
Accordingly, the implementation of FIG. 3 without feedback 
is better in this range. 

Further simulations involving eye patterns and their clos 
ing under unfavorable conditions show that without feedback 
the input eye collapses at extreme duty cycles but that with 
feedback the eye patterns remain fairly constant. 
The incorporation of offset cancellation in a proximity 

communication channel allows the performance of the proX 
imity receiver to be increased by a reduction in side of the 
input devices. Reducing the size of the input devices 
decreases the energy-delay produce of the receiver amplifiers 
so that their energy, delay, or both can be improved. The 
performance of the proximity receivers is one of the principal 
limiting factors in the performance of a proximity communi 
cation channel. Further, increasing the performance and sen 
sitivity of the proximity receivers also increases tolerances in 
alignment between chips and therefore simplifies packaging. 
The described embodiments of cancelling offset voltages 

have several advantages over other schemes. Because the 
offset cancelation can be done continuously and asynchro 
nously and is thus simpler than related Schemes. The large 
resistances involved in the described offset cancellation 
shields the sensitive input nodes of the receiver from loading 
that may be imposed by alternative offset cancellation 
schemes. The reduced loading further improves the perfor 
mance of the proximity channel. 
The foregoing descriptions of embodiments of the present 

invention have been presented only for purposes of illustra 
tion and description. They are not intended to be exhaustive or 
to limit the present invention to the forms disclosed. Accord 
ingly, many modifications and variations will be apparent to 
practitioners skilled in the art. Additionally, the above disclo 
Sure is not intended to limit the present invention. The scope 
of the present invention is defined by the appended claims. 
What is claimed is: 
1. An amplifier circuit, comprising 
an amplifier receiving signals for a communication data 

signal on a set offloating input nodes and amplifying the 
communication data signal and outputting the commu 
nication signal on an output node; and 

a resistive element having a resistance of at least one 
gigaohm and no more than 1000 gigaohm connected 
between the input node and a predetermined potential, 
wherein a minimum value for the resistance is deter 
mined by relating a product of the resistance and a para 
sitic capacitance for the input node to a maximum time 
period over which the communication data signal is to be 
DC balanced using the predetermined potential. 

2. The amplifier circuit of claim 1, wherein the resistive 
element is a MOS transistor having one of its electrodes 
connected to the input node and at least two of its remaining 
electrodes connected to the predetermined potential. 

3. The amplifier circuit of claim 1, wherein the input node 
is coupled to another predetermined potential through a 
capacitance and the predetermined potential is Supplied from 
an output of the amplifier through a circuit including the 
resistive element and the capacitance. 

4. An amplification system, comprising a plurality of the 
amplifier circuits of claim 1: 

plural sources of respective bias voltages distributed to 
each of the receivers; and 

5 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
a plurality of multiplexers associated with respective ones 

of the amplifiers 
and selecting one of the bias Voltages to be applied to the 
respective amplifier. 

5. A proximity communication system, comprising: 
a plurality of proximity communication channels coupled 

between juxtaposed first and second chips through 
respective transmitter elements formed in the first chip 
and receive elements formed in the second chips and 
including a plurality of amplifiers, each having a set of 
respective inputs connected to respective ones of the 
receive elements, wherein the transmit and receive ele 
ments are selected from capacitive and inductive cou 
pling elements such that the set of inputs for each of the 
amplifiers are floating with respect to the corresponding 
transmit elements; and 

a plurality of resistive elements connected between respec 
tive inputs and respective predetermined potentials and 
having resistances of at least one gigaohm and less than 
1000 gigaohm, wherein, for each resistive element in the 
plurality of resistive elements, a minimum value for the 
resistance for the resistive element is determined by 
relating a product of the resistance and a parasitic 
capacitance for the corresponding input node to a maxi 
mum time period over which a communication data 
signal for the input is to be DC balanced using the 
predetermined potential. 

6. The system of claim 5, wherein the resistive elements 
comprise MOS transistors each having one electrode con 
nected to the respective input and at least two other electrodes 
connected to the respective predetermined potential. 

7. The system of claims, wherein the predetermined poten 
tials are provided by an output of the respective amplifier 
through the resistive element. 

8. The system of claim 5, further comprising: 
a plurality of multiplexers associated with respective ones 

of amplifiers: 
plural sources of bias voltages of different voltages distrib 

uted to each of the multiplexers, wherein the respective 
multiplexers selects one of the bias Voltages and applies 
the selected bias voltage to the input of the respective 
amplifier through the respective resistive element. 

9. The system of claim 5, wherein the amplifiers are dif 
ferential amplifiers having two inputs each coupled to a 
respective one of the predetermined potentials through a 
respective one of the resistive elements. 

10. The system of claim 5, further comprising: 
a plurality of multiplexers associated with respective ones 

of the differential amplifiers: 
plural sources of bias voltages of different voltages distrib 

uted to each of the multiplexers, wherein the respective 
multiplexers selects one or two of the bias Voltages and 
applies the selected bias voltages to the two inputs of the 
respective amplifier through the respective resistive ele 
ment. 

11. An amplifier circuit for a communication data signal 
having a maximum DC-imbalanced time, comprising: 

an amplifier receiving signals for the communication data 
signal on a set offloating input nodes and amplifying the 
communication data signal onto an output node, 
wherein a parasitic capacitance is coupled to the input 
node; and 

a resistive element having a resistance coupled between the 
input noted and a predetermined potential, wherein a 
minimum value for the resistance is determined by relat 
ing a product of the resistance and a parasitic capaci 
tance for the input node to a maximum time period over 
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which the communication data signal is to be DC bal 
anced using the predetermined potential. 

12. The amplifier circuit of claim 11, wherein the resistive 
element comprises a MOS transistor having one of its elec 
trodes connected to the input node and at least two of its 
remaining electrodes connected to the predetermined. 

13. The amplifier circuit of claim 11, wherein the prede 
termined potential is Supplied from an output of the amplifier 
through the resistive element in a negative feedback arrange 
ment. 

14. The amplifier circuit of claim 11, wherein the prede 
termined potential is a power Supply line. 

15. The amplifier circuit of claim 11, wherein the resistive 
element has a resistance in the range of 1 to 1000 gigaohm. 

16. An amplifier circuit for a communication system, com 
prising: 

a differential receiver receiving a differential communica 
tion data signal on two floating input nodes, amplifying 
the differential communication data signal and output 
ting the amplified signal on two complementary output 
nodes; and 
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two MOS transistors connected in a negative feedback 

arrangement between the output nodes and the input 
nodes, wherein, for each transistor in the MOS transis 
tors, a source terminal for the transistor is connected to 
corresponding floating input node of the floating input 
nodes, and a drain terminal for the transistor is con 
nected to a corresponding output node of the comple 
mentary output nodes. 

17. The amplifier circuit of claim 16, wherein, for each 
transistor in the MOS transistors, a well for the transistor is 
connected the drain terminal for the transistor. 

18. The amplifier of claim 16, wherein the differential 
communication signal is coupled to the input nodes through 
two capacitive coupling circuits. 

19. The amplifier of claim 16, wherein, for each transistor 
in the MOS transistors, a gate terminal for the transistor is 
connected to the drain terminal for the transistor. 
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